We studied the bacteriology ofmaxillary sinus aspirates obtain ed from patients diagnosed with chronic sinusitis. We recovered 659 strains from 510 aspirates; of these, 572 (86.8 %) were aerobes and 87 (13.2 %) were anaerobes. Aerobes only were recovered from 310 of the 510 specimens (60.8%) and anaerobes only from 31 (6.1 %). Among the 572 aerobic bacteria, the most prevalent organisms were Streptococcus viridans (158 strains [27.6%]), Streptococcus pneumoniae (67 [11 .7 %}), Corynebacterium species (66 [11 .5 %]), Staphylococcus aureus (54 [9.4%]), Moraxella catarrhalis (38 [6.6%]), Hemophilus parainfluenzae (33 [5.8%]), and group C beta-hemolytic streptococci (26 [4.5%]). Amon g the 87 recovered anaerobes were species ofPep tostreptococcus (32 strains [36.8 %]), Prevotella (22 [25.3 %]), Actinomyces (13 [14.9 %]), Propionibacterium (11 [12.6%]), Fusobacterium (8 [9 .2 %]), and Veillonella (l [1.1%] ). Beta-lactamase p roduction was detected in 115 ofthe 572 aerobic strains (20.1 %) and in 10 of the 87 anaerobic strains (11.5 %). Wefound that the prevalence and type of organisms we identified in chronic sinusitis did not differ substantiallyfrom those reported in pr evious studies. Our study is one ofthe more extensive reports on the type and prevalence ofpathogens in chronic sinusitis that has been publ ished to date.
Introduction
Sinusitis has a substantial impact on the health of children and adults .' It is classified as either acute or chronic, primarily on the basis of the duration of infection and pathologic finding s. 2 Treatment with antibiotics is primarily empiric and based on pathogen prevalence. There has been a great deal of variation in the reporting of the bacteriology of chronic sinusitis; differences can be attributed to the different countries in which studies were performed, characteristics of study populations, and differences in sampling methods and laboratories.>' The goal of our study was to determine the bacteriology of maxillary sinus aspirates obtained from patients diagnosed with chronic sinusitis.
Patients and methods
Between April I, 1997, and Dec. 31, 2000, we conducted a prospective study of 510 outpatients-268 men and 242 women, aged 17 to 68 years (mean: 42)-who had been diagnosed with chronic sinusitis on the basis of clinical findings, imaging by x-ray and computed tomography (CT) , and endoscopic exploration with both rigid and flexible instruments. Our study patients shared many clinic al and imaging characteristics: (1) recurrent infections of the upper respiratory tract with persistent purulent nasal or postnasal discharge, nasal obstruction, cough, headache, pharyngitis, and/or concomitant otitis media, (2) smell , taste, and/or sleep disorders, (3) persistent clinical symptoms for at least 1 year, (4) initial response to medical treatment followed by a rapid recurrence, (5) mucosal thickening, purulent discharge, and ostiomeatalcomplex obstruction on endoscopic examination, and (6) opacity, osteiti s, presence of an air-fluid level, and mucosal thickening on x-ray and CT. None of the patients had taken local or systemic antimicrobial therapy for at least 1 week prior to aspirate sampling. Patients with cystic fibrosis were excluded from the study. No patient had previously undergone sinus surgery.
Prior to puncture, the nares were disinfected with a cotton swab soaked in povidone-iodine solution for a minimum of 5 minutes. Materi al from the maxillary sinuses was aspirated into a syringe through an I8-gauge needle, which was used to puncture the inferior meatus. In cases when no material was obtained initially, 2 to 5 ml of Even if you have never used a CT system before, operating the SOMATOM Smile will be easy. It is equipped with Siemens award-winning syngo @software platform that is designed for ease of use.
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Discussion
Many assessments of the bacteriology of chronic sinusitis have been made in several countries and by different sampling methods. Consequ ently, the results of these studies have been quite variable. The gold standard for diagno sing bacterial sinusitis is culture of infected secretions obtained by direct sinus puncture. Nevertheless, several other techniques are used to obtain sinusal specimens. "The primary reason for the discrepancies in results is contamination of sample s with resident flora in nasal mucosa. Other import ant factors are differences in the method s of transportation and isolation of anaerobes.
sterile diluent was injected into the sinus and aspirated. In all cases, the contents of the aspirated material were injected into an anaerobic transport vial (TAB ; Britania Laboratories; Buenos Aires) , transported immedi ately to the laboratory, and held at room temperature until processing. At the laboratory, microscopic examination with Gram' s staining was performed, and the density of each organism was categorized as either high , medium , or low. Specimens were taken from the transport vial with a 0.0 I-ml calibrated loop and inoculated into a Columbi a agar base supplemented with 5% sheep's blood , chocolate agar, eosin-methylene-blue agar, and Chapman agar (for aerobic and facult ative bacteria) and onto a Brucella agar base supplemented with 5% sheep's blood , vitamin K 1 , hemin with and without kanamycin, and thioglycolate medium without an indicator and supplemented with vitamin K 1 and hemin (for anaerobic bacteria). Plates were incubated at 35°C aerobically (eosin-methyleneblue agar and Chapman agar) and under 5% carbon dioxid e (Columbia agar base and chocol ate agar) and examined at 24 and 48 hours.
For anaerobic bacteria, plates were incubated in either an anaerobic bag or a GasPakjar, depending on the number of plates, for a minimum of 48 hours and a maximum of 7 days. Colonies in both aerobic and anaerobic plates were semiquantitated by the number of quadrant s in which growth occurred (1+, 2+,3+, or 4+). Those organisms that appeared in low density in the Gram 's stain and grew only at 1+ were considered to be contaminant flora. Using standard method s, most aerobic bacteria were identified to genus and species level and anaerobic bacteria were identified to genus level only." Finally, antimicrobial susceptibility testing was carrie d out for aerobic bacteria according to the protocols established by the National Committee for Clinical Laboratory Standards.'
Results
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BACTERIOLOGIC FINDINGS IN PATIENTS WITH CHR O NIC SINUSITIS
Jiang et al obtained sam ples by inserting a cottontipped stick throu gh a cannul a that had been placed into the ethmoid cavity follow ing rem oval of the ethmoid bull a." Th ey concluded that this method could decrease the ch ance of nasal contamination and thus might make study of the bacteriology of the sinus more accurate . Nasal endosc opy is indi cated for patients with rhinosinusitis who do not respond to therapy as expec ted and when anatomic factors preclud e adequate examination by anterior rhinosc opy .10 A protected microswab can be used to sample these patients. 10 Liu et al reported on the use of a novel culture device (Accu-CuIShure ; MLA Systems; Pleasantville, N.Y.) to sample and transp ort sinusal material that avoids contamination with resident nasal flora and preserves the quality of the material during tran sport."
Bacteriologic cultures of chronic sinusitis aspirates vary greatly from those of acute sinusitis aspirates. Besides the "infernal trio " (Streptococcus pneumoniae, H infl uenzae, and Moraxella catarrhalis) , chronic sinusitis aspirates contain other bacteria, including anaerobes and gram-n egati ve bacteria. 12 In our study, we recovered aerobes in high numbers (86.8%), and the types of species were consistent with those reported by others. Do yle and Woodham evalu ated the microbiology of chronic ethmoid sinusitis by obtaining biop sy specimens from the ethmoid sinus mucosa. 13 In their study, Staphylococcus aureus and members of the family Enteroba cteriaceae were the most frequently isolated cla ssic pathogens; no anaerobes were identified. In a stud y of211 patients with chronic sinusitis, Busaba et al dete cted aerobic bacteria in 76 % and anaerobic bacteria in 6.2%; the most common isol ate was S aureus," Biel et al obtained sinus samples endoscopic ally during surg ery and found that the most common bacteria were coagulasenegative staphylococci (36%), followed by S aureus, Str eptococcus viridans, Coryneba cterium species, and anaerobes. IS They speculated that coagul ase-n egativ e staphyloc occi might have been the causative path ogen and recommended that antimicrobial sensitivities be obtained for evaluation and possible treatm ent.
Bacteria isolated in chronic sinusitis aspirates usually do not have a clear path ogenic power-that is, their ability to cause infect ion is unknown . Th erefore, several authors have studied the microb iology of the midd le meatu s and maxill ary sinus in healthy adults to evalu ate bacte ria's role in sinusal disease. Gordts et al recovered organisms in 75 % of the their patient s, but growth was often poor and the predominant species suggested a commen sal flora." Nadel et al reviewed 507 endoscopi call y guided cultures obtained from 265 patients.' ?They found that gram-negative rod s were pre sent in 27% of cultures and were more common in patients who had previously undergone sinus surgery or who were using irrig ations. Pseud omonas aerugin osa strains were more common in patient s who were takin g systemic steroids. Coagul aseneg ative staphylococci were pre sent in the same proportion s of patients and controls, but they were more pre valent in cultures obtained intraoperativel y and in patient s who were taking sys temic steroids.'?
In our study, S viridans and Coryn eba cterium spec ies were two of the three most co mmon isolates. How ever, these organisms cannot be considere d pathogenic per se because the y are also isolated from sinus mucosa in health y patient s. The y could play a role in chronic sinusitis, but onl y in assoc iation with the presence of oth er bacteria, particularly anaerobes . Jiang et al also found that S viridans was the most common isolated bacteria, followed by Klebsiella pneumoniae, Proteus mirabilis, and Hemoph ilus para influ enzae? In aspirates obtained from 108 chronically inflamed maxill ary sinuses, Brook and Frazier found that the predominant aerobic isolates were S aureus (12 isolates), alpha-hemolytic streptococci (10), M catarrhalis (8) , Hemophilus species (6), and P aeruginosa (3).1 8 The pre valence of organisms recovered in our stud y is con sistent with that rep orted by others, although there were substantial differences in the size of the study popul ations . Ou r study is one of the more exten sive repo rts on pathogens in chronic sinusitis that has been published to date .
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Based on the literature, it is possible to affirm that the isolation of anaerobes is the most variable finding among different studies, probabl y becau se of the diversity of sampling techn ique s and transportation methods. De spite different rate s of isol ation in pre viou s studies, the particular specie s of patho gens were not sub stantially different. Although our rate of isolation of anaer obes was not high (13 .2%), some authors did not reco ver any anaerobes, even thou gh they used proper techn ique s. 13.19 We observed , as did Mitchelmore and Tabaqchali," that the main anaerobic genera invol ved in chronic sinusitis infections were Peptostreptococcus, Fusobacterium , and black-pigmented gram-neg ative rods , frequentl y in ass ociation with Streptoco ccus mill eri. Similarly, Brook and Frazier found that the most common anaerobic isolates among 186 anaerobic strains were Peptostreptococcus species (6 1 Th e cornerstones of treatment for chronic sin usi tis are antibiotics, decon gestant s, and in some cases nasal steroid s. Antimicrobial tre atm ent often is prescrib ed empirically on the basis of the likel y infect ing pathogens, local bacterial antibiotic resistanc e rates, and antibiotics' pharmacologic profile s." Injudiciou s use and indi scriminate overprescription of antibiotics has fostered the rapid development of pen icillin-resistant org anisms over the past 20 years, for cing phy sici ans to con sider alternatives in antibacter ial managem ent.' Because of the great variation in susceptibility patterns among organi sms isol ated from patients with chronic sinusitis, local surveillance of the susc eptibility of individual isolates is de sirable to enhance the benefit of empiric treatment and to influ enc e prescribing habit s so that ph ysicians can prevent ex pansion of resistance." Beta lactams, macrol ide s, and quin olone s are the most frequently recommended drug s for treatin g both acute and chroni c sinusitis bec ause they are associated with a low ra te of resis tance among res piratory pathogens.P-" In our study, the rate s of resistan ce again st these dru gs was not significa nt.
Th e bact eria that predominate in sinusitis ca n resist penicillin by producing beta lactamase or by altering sites of peniciIIin binding. Beta-Iactamase-producin g bacteri a ca n express their patho genicity directly as a res ult oftheir ability to cause infec tions and indirectly by producing beta lactamase, thu s prot ectin g penicillin-susceptible patho gens from peni cill in. 25 Brook et al found that aer obic and anaerobic beta-Iactam ase-producin g bacteri a play an imp ortant role in the polym icrobi al etiology of chro nic maxill ary sinusitis .'
The three most co mmo n gra m-positive bacteria isolated in our study-Sviridans, Spneumoniae, and Corynebacterium species-were all compl etely susceptible to pen icillin, alth ough S aureus and coagulase -nega tive staphy lococci were not. Indi vidu ally, tho se organisms that have a natural resist ance to cer tain beta lactam s and beta-Iactamase inh ibitors-for example, so me Enterobacteriaceae, Pseudomona s species, and Ac inetobac ter species-were notcommon in our study . How ever, together they acco unted for almos t 15% of the total numb er of aero bic isolates , and therefore they should be taken in acco unt when prescribing empiric therapy in order to avo id therapeutic fa ilures . Even though no S pn eumoniae strain was resistant to peni cillin in our study, this orga nism is assoc iated with high rates of penicillin resistance in other countries.v -"
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